d τ − − can be obtained at each sampling instant [7] . The stochastic stability is discussed, in which time-varying sampling periods and time delays are driven by two Markov chains [9] . In this paper, the output feedback stability of NCSs is studied, in which time delays and sampling periods are driven by three finite state Markov chains. This paper is organized as follows. In section 2, the NCSs model with random time delays and random sampling periods is made, which is equivalent to a class of special discrete-time jump linear systems with three modes. Sufficient and necessary conditions of stochastic stability for the foregoing model are considered in section 3. Section 4 is an illustrative example and our work of this paper is summarized in the last section.
Problem Formulation
The structure of the considered NCSs is shown in Fig.1 , where the plant is described by the following linear system model:
x t Ax t Bu t y t Cx t
where ( ), ( ), ( ) x t u t y t are the system state vector, control input vector, the system output, respectively, , , A B C are known constant matrices of appropriate dimensions. Suppose the sensor is clock-driven, the controller and the actuator are event-driven. represents the C-A delay. Suppose k h is the length of the kth sampling period, the sampling period length of the kth sampling period, the sampling period The system (1) can be described as a discrete time equation
where
is the input vector of the actuator. In this paper, The mode-dependent output feedback control law is
where ˆ( ) x k is the state vector of the output feedback controller, , , , F G H I are appropriately dimensioned matrices to be designed. According to (2), we have
Augment the plant's variable as
where Similarly, define
(6) where
By combining (5) and (6) and defining
The closed-loop system can be written as
It can be seen that the closed-loop system in (7) is a jump linear system with three modes modeled by different homogeneous Markov chains. The objective of this paper is to design the output feedback controller (4) to guarantee the stochastic stability of the NCSs in (7). For the stochastic stability, we adopt the following definition [5] . Definition 1. The system in (7) Similarly, if the transition probability matrix from 
[ ] 
hold for all i ϕ ∈ , r φ ∈ and α ϑ ∈ , where
Proof: Sufficiency: For the closed-loop system in (7), consider the Lyapunov function To evaluate the first term in (10), we need to apply the five probability transition matrices: 
Then, (10) can be written as 
Numerical Example
To illustrate the effectiveness of the proposed method, we consider the cart and inverted pendulum problem [3 -5] . The state-space model is By Theorem 2, we can obtain the controllers with the following matrices 
Conclusion
This paper proposes an output feedback controller design method for NCSs with random time delays and random sampling periods. The random delays and random sampling periods are modeled as Markov chains. The closed-loop systems can be expressed as jump linear systems with three modes. Sufficient conditions of stochastic stability are obtained in terms of a set of LMIs with matrix inversion constraints.
